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Abstract 
Polyurethane display excellent mechanical and chemical properties. In this work polyurethane containing diacetylene unit was 
synthesized by two step polymerization with methylene diphenyl diisocyanate (MDI), diol from the mixture of PET glycolysed 
products and hexadiyne-1,6-diol as chain extender with a molar ratio of NCO:OH (1:1). The reaction was carried out at 80 °C for 
2 hrs. The obtained polyurethane was characterized using Fourier transform infrared spectroscopy (FTIR), 1H NMR spectroscopy 
for it functionalities. The thermal behavior of polyurethane was investigated using differential scanning calorimetry (DSC). The 
result shows that polyurethane containing diacetylene unit could be crosslink by thermal that cause the polyurethane undergoes a 
color change under thermal treatment and hence heated environment. 
© 2014 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of COE of Sustainalble Energy System, Rajamangala University of Technology Thanyaburi 
(RMUTT). 
Keywords: diacetylene containing rPET co-polyurethane; rPET polyol chain extender; heat treatment; color change 
 
 
* Corresponding author. Tel.: +66-3-421-9363; fax: +66-3-421-9363. 
E-mail address: chanchai@su.ac.th, pattamapond_ph@hotmail.com 
 2014 Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommon .org/licenses/by-nc-nd/3.0/).
Peer-review under responsibility of COE of Sustainalble Energy System, Rajamangala University of Technology Thanyaburi (RMUTT)
 Pattamaporn Phuangngamphan and Chanchai Thongpin /  Energy Procedia  56 ( 2014 )  326 – 333 327
1. Introduction 
An important engineering material, polyurethane (PU) exhibits many attractive properties, such as excellent 
abrasion resistance, low temperature flexibility, excellent chemical, mechanical and physical properties [1]. Because 
of its special soft and hard segment structure [2].  
PU have found extensive use in numerous commercial applications such as foams, coatings, adhesives, synthetic 
leathers, elastomers and biomedical applications [3],[4].  
The main ingredients to make a polyurethane are isocyanates and polyols. Diisocyanates is major raw material for 
PU. Trimers of aliphatic and alicyclic diisocyanate are less toxic and impart better thermal stability and enhanced 
mechanical properties to the PU coatings [5],[1]. The diisocyanates cannot be cured at room temperature so require 
higher temperature [6]. 
The polyols provides soft segment and cross-linking site [7]. There are various types of polyols such polyesters, 
acrylics and polyethers [8]. Polyester polyols make polyurethanes with better solvent, abrasion, and cut resistance. 
Some polyester polyols are based on reclaimed raw materials such as transesterification (glycolysis) of recycled 
poly(ethyleneterephthalate) (PET) bottoms with glycols. 
Diacetylene groups is able to cross-link under UV irradiation or thermal [9],[10]. It can be incorporated into the 
structure of a polymer backbone and will undergo solid-state cross-polymerization on suitable radiation or thermal 
annealing [11],[12]. When exposed heat or irradiation, the diacetylene units react with neighboring molecule to 
result a conjugated backbone in the solid state, called Topochemical reactions [13],[14]. Which changed the optical 
properties of polydiacetylene; for example, the PUDA undergoes a color change under elastomeric strain 
(mechanochromism) [15].  
This work aims to synthesis polyurethane containing diacetylene unit by two-step polymerization using rPET 
polyol and characterized by the FTIR and 1H NMR analyses. The thermal behaviors of polyurethane were 
investigate by differential scanning calorimetry (DSC). 
2. Experimental 
2.1. Materials 
Propargyl alcohol, tetramethylenediamine, copper chloride and methylene diphenyl diisocyanate were purchased 
from Sigma Aldrich. Poly(propylene glycol) was purchased from Fluka. Hydrochloric acid and toluene were 
purchased from RCI Labscan. Tetrahydrofuran was purchased from UNILAB. Diethyl ether was purchased from 
Panreac. 
2.2. Glycolysis of PET waste 
The glycolysis reactions were carried out in a round bottom flask equipped with stirrer and reflux condenser 
under nitrogen atmosphere to avoid oxidation. The PEG400 was placed in the flask and raised the temperature to 
196 °C then added zinc acetate as catalyst. When zinc acetate dissolve already, added the PET waste into a vessel in 
a molar ratio of PET:PEG (1:2), the reaction was continued for 12 h. 
2.3. Synthesis of 2,4-hexadiyne-1,6-diol 
The hexadiyne-1,6-diol was prepared by oxidative coupling reaction. Acetone 650 ml, CuCl2 5 g and TDMA 6 g 
were added to a reaction flask equipped with stirrer at 28 °C. Then propargyl alcohol 56 g was added dropwise over 
25 minutes, oxygen was bubbled through the solution. After 16 h, the mixture was evaporated and added 2M HCl. 
The precipitated product was recrystallized from diethyl ether and purified in hot toluene. 
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2.4. Synthesis of polyurethane  
The polyurethane was prepared by a two-step polymerization. First, rPET polyol and methylene diphenyl 
diisocyanate (a molar ratio of NCO:OH was 1:1, mole OH was the sum of mole rPET and mole HDD) were charged 
into a reaction flask equipped with stirrer at 80 °C under nitrogen atmosphere for 1 h. Then added 2,4-hexadiyne-
1,6-diol as chain extender, the ratios of rPET/HDD were as follows: 90/10, 85/15, 80/20 and 75/25 by weight. Keep 
the reaction for 2 h. Then cast the sample on glass slide, keep in oven at 60 °C for 60 h. 
In addition, the polyurethane were prepared with rPET mix with poly(propylene glycol)(PPG400) in ratio 
rPET/PPG was 50/50 by weight. The ratios of polyol/HDD were 90/10 and 80/20. Mole of methylene diphenyl 
diisocyanate was used equal to the sum of mole rPET, mole PPG and mole HDD. The reaction was carry out same 
above condition. The Compositions of polyols used in the synthesis of polyurethanes shown in Table 1. 
 
             Table 1. Compositions of polyols used in the preparation of polyurethanes. 
 
 
 
 
2.5. Characterization  
FTIR spectrum was obtained with VERTEX 70 Bruker spectrometer. The 1H NMR spectrum was recorded with a 
Bruker spectrometer using D6-chloroform as a solvent. Differential Scanning Calorimetry (DSC) measurements 
were performed by using a DSC1, STARe System, Mattler-Toledo Inc. For all samples, the samples were scanned 
from 0 °C to 300 °C with the heating rate of 5 °C /min under nitrogen atmosphere.  
3. Result and Discussion 
The reaction for synthesis of polyurethane containing diacetylene unit shown in Fig. 1. The high viscous liquid of 
polyurethane were thermal treatment at 60 °C show color change from yellow to dark purple, show in Fig. 2. The 
colour change of polyurethane in Fig. 2. indicate that polyurethane containing diacetylene unit can cross-
polymerized under thermal treatment at 60 °C. Moreover it was found that polyurethane that prepared by rPET and 
PPG undergoes a color change clearly than prepared by only rPET.  
Fig. 1. Reaction scheme for synthesis of polyurethane. 
Polymer code rPET (wt%) PPG (wt%) HDD (wt%) 
PU10rPET 90 - 10 
PU15rPET 85 - 15 
PU20rPET 80 - 20 
PU25rPET 75 - 25 
PU10rPET+PPG 45 45 10 
PU20rPET+PPG 40 40 20 
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Fig. 2. The colors change of PU prepared by rPET and PPG with 10%HDD after thermal treatment at 60 °C. 
 
 
 
 
Fig. 3. The FTIR Spectrum of PU prepared by rPET polyol with various HDD content  
(a) PU10rPET, (b) PU15rPET, (c) PU20rPET, and (d) PU25rPET. 
 
The polyurethane containing various content of diacetylene unit before and after thermal treatment was 
characterized by FTIR spectroscopy. The FTIR spectrum of PU prepared by rPET polyol and various content of 
HDD is shown in Fig. 3. 
The FTIR spectrum of polyurethane sample presents a characteristic band at 3439-3456 cm-1, which corresponds 
to the N-H stretching. The band at 2915 cm-1 can be attributed to CH stretching. A strong C=O stretching peak near 
1640 cm-1, indicating the presence of a urethane linkage, while the peak at 1714 cm-1 characterizes C=O stretching 
in ester structure. The region 1230-1100 cm-1 is characteristic to C-O stretching in esters. The weak peak at 2350 
cm-1 indicating the presence of diacetylene unit. 
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.  
Fig. 4. The FTIR spectra of PU prepared by rPET polyol and poly(propylene glycol) 400 with various HDD content  
(a) PU10(rPET+PPG) and (b) PU20(rPET+PPG). 
 
 
 
Fig. 5. The FTIR spectrum of PU with 10% HDD content  
(a) PU non-thermal annealing and (b) PU thermal annealing at 60 °C for 60 h. 
 
 
In Fig. 4. the strong peak at 3343 cm-1, indicated the N-H stretching. The band at 1615-1719 cm-1 can be 
attributed to C=O stretching. Moreover the bands at 2950 cm-1 and 2873 cm-1 can be attributed to asymmetric and 
symmetric stretching of CH group which was also found in the sample prepared by rPET-polyol and PPG show a 
strong peak than the sample prepared by rPET polyol. 
In Fig. 5. the same peak of  NH stretching at 3451cm-1, CH2 stretching at 2918 cm-1 and 2850 cm-1, C=O 
stretching at 1630 cm-1 and C-O stretching at 1300–1100 cm-1 in both sample indicated the urethane structure. In 
addition, the peak of diacetylene unit at 2200 cm-1 was disappear after thermal annealing indicated the loss of 
diacetylene unit as a result of thermal treatment 
The 1H NMR spectrum of polyurethane is shown in Fig. 6. The peaks at 2 ppm indicating the hydrogen at chain 
end. The -CH2- in diacetylene unit was found at 4.2-4.8 ppm. The -CH2- attached with oxygen in rPET was found at 
3.7 ppm. The peak at 7.1 and 7.3 ppm, indicating the proton between two aromatic attached next to carbonyl group. 
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Whereas the peak at 8.1 ppm indicated the proton in the aromatic ring between two urethane linkage (NCO). The 
FTIR spectrum and 1H NMR confirm that the synthesized polyurethane contain diacetylene in structure and also 
react with neighbor molecule via thermal treatment.  
The thermal behaviour of polyurethane containing diacetylene unit was examined by DSC. In Table 2. show the 
temperature and heat of fusion ('H) both endothermic and exothermic peak. The DSC thermograms in Fig. 7. show 
one endothermic peak in the range of 115-160 °C which indicate the melting temperature of hard segment. The 
endothermic peak of polyurethane prepared by rPET with lower content of HDD in Fig. 7(a-b) show broad peak due 
to diacetylene in chain was stiff and hard so it is difficult to mobile. In contrast polyurethane prepared by rPET with 
higher content of HDD and polyurethane prepared by rPET+PPG in Fig. 7(c-f) show sharp peak due to the 
flexibility of the chain cause diacetylene unit to be able to mobile easily. And it also found in Table 2. that the 
polyurethane with high content of HDD (PU25rPET) show lower value of endothermic temperature and higher 
endothermic enthalpy. 
 
 
Fig. 6. 1H NMR spectrum of polyurethane in chloroform. 
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Fig. 7. The DSC thermogtrams of polyurethane containing diacetylene unit  
(a) PU10rPET, (b) PU15rPET, (c) PU20rPET, (d) PU25rPET, (e) PU10(rPET+PPG), and (f) PU20(rPET+PPG). 
 
 
Table 2. DSC heat data for polyurethane containing diacetylene unit 
 
 
 
 
 
 
 
 
 
 
 
Moreover the exothermic peak in the range 190-250 °C which indicate the crosslink temperature of diacetylene 
unit. The integration of exothermic peak is the sum of crosslinking enthalpies. Although the trend of crosslink 
density were not clear due to the stiffness of rPET in polyurethane, however the polyurethane synthesis using rPET 
mix with PPG show that crosslink density increase with content of diacetylene. 
4. Conclusion 
Polyurethane containing diacetylene unit was successfully synthesizes. The diacetylene unit in polyurethane can 
crosslink with neighbor molecule that produced conjugate double bond in structure. The crosslink density increase 
with content of diacetylene in polyurethane synthesized with rPET and PPG as soft segment. 
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